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RF SYSTEM DESIGN CONSIDERATIONS 

RHIC-PG-2 9 

For 

RHIC - 

M. Puglisi 

(BNL, January 27, 1984) 



F 



c 
2 



\ 3 

e, f 

. "IF 

4 

The  STORE^ 



a. 7 2 9 5 ~ + 8  1 

~ . ~ B ~ E I E + B I  
E.6632E+131 

0.5612E+01 
6.5211E+61 
8.4864E+81 
8 .4568E+81 
8.4292E+81 
8.4654E+81 

8.3649E+01 
8.347SE+8 1 
8.3318E-i-01 

8.3B42E+81 
8.2928E+O I 
8.2889F-i-131 

8.2689E+81 
8 .25  19E+El I 

6.3841E+Bl i 

a . 3 1 7 4 ~ + a i  

a. 2 7 0 5 ~ + 0  I 

a . 2 4 3 6 ~ + a i  
E ~ . ~ s ~ ~ E + B I  
~j .2285~+ai  

a . 2 m ~ + a i  
~ . ~ E ~ I E + B I  

a. i 9 2 9 ~ + a  1 

EI.IEG~E+BI 

B. I~~~E+EI I  
0.17 iaE+a i 

a . i 6 3 7 ~ + ~ 1  

8.2216E-i-81 

8.2634E-i.Bl 
El. 1938E+B1 

El. 1830E# I 

8.1791E+81 

8.1672E+Bl 

8. 16BSE+Bl 
8.1570E+Bl 
8.1539E+Bl 
6.1589E+l31 

8.1454E-i-31 
6.1428E+81 
B 1483E-i-3 1 

8.1356E+El1 
6.1335E+01 . 

~ . i 4 8 i ~ + a 1  

a . i 3 7 9 ~ + a i  

B . I ~ I ~ E + B ~  : 
a . 1 2 9 4 ~ i ~ i  
~ . I ~ ? S E + B I  

s 

B. i 1 4 9 ~ + a  I 

B. I 124~+a I 

a . i o g i E + a i  

a. i a 7 2 ~ + a i  

B. I136E+8 1 

0.1113E+Bl 
8.11B2E+BI 

8.1882E+Bl 

6.1864E+Bl 
8.1656E+81 
8.184SE-i-Bl 
B.l841E+BI 

6.1829E+Bl 
a .. IEWE+B I 

a . i m ~ + a i  
a. 18 m + a  1 
0. ia ME+O i 
8. 1BflEcB1 
e .  1887E+B! 
8. 108SE+B1 
0.1!303E+OI 
8.188 1E+O 1 
8.188BE+Bl 
8.1QBBE+81 

OPEN(UNIT=?,STRTUS-’NEW’) 
P2n4.WTRN ( I . )  

F=P2/188, 
RRG =F:k I 
F 1 -2;I:RRG 
F2=SIN(F1)  
F3= (S IN CRRGI ) W 2 ,  
FW- (F 1+f2) /(P2*F3) 
FF =FW*P2 
R =  IM I Q888 1 
WRITE (7,261 A ,  FW, FF 

20 FORMRT(5X. 3E20.41 
18 C 0 IIT I bIUE 

DO 18 I-ie,gg 

CLOSE CUI4 IT=7,STRTUS=’SRVE’l 
STOP 
Ekl D 

3 

8. 1222E+Q 1 
6.1286Ei81  
8.1191E+81 
8.1176E+E1 
a . i 1 6 2 ~ + ~ i  
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(4 = 1.30 

R 3 = O . l i  i 

2.K 3.887 € 3  



4 

i 

I 

'I 
'I 

I 

I 

eo I* 

30 E=A'0 SIX Od$ 
30'E=A'a'BI=X 0s 

two3 ao'zz 
NOIEI~~( I- a 

B~BB*TZ 

0008.12 
aam L 
01300 *P 

0a009~ 

Nfl03 881313'8 
OB80 'L 

a000 ' 12 

E000'P 

828s 'L 
11S6'L 
I IS62 
8L8S 'L 
moa L 
aa0a *P 
809s *E 

aa0~*~ 
OODQ E 
aaaa. E 
EOE~EI*O 
0000 a 
000a * 0 

0PE1 'E 

13000-a 
I 
L1 
E€ 
E€ 
EE 

NOIEUI I a 

80130'0EI E€ L€i 
BB'B 0'1: I z 08130'0 I 1 
0030'0 LI I 
oamv EE I 
aa0~-9 EZ ET 
0000.a~1 LEI 
maavm LI LEI 

aaBa.9 81 EI 

I 

B00B'QEI 01 L€I 

088B.9 LI €1 
Q6B8.S 61 E1 
06BE'S 81 21 
a169*~ 81 iI 
~I~I*P 81 01 
B00E1'P LI 6 
I3BBB'P 81 6 
BPEI'P 6 6 
88QS'P 8 01 
mm*s 8 II 
mua-9 8 EI 
BBQ~*EIT a LI 
omo-m I 21 
aaoa*g I EI 
~0aa-a I I 
a000 *a I1 

1 1- B LI I 
1 I- 0 E€ I 
I E I- E€ €I 
EI a I- EE LEI 
LEI I a LI LEI 

EI I- a 21 ET 

LEI I 0 01 LEI 
LEI 0 I 01 E1 

El I I LI 6 
6 I 0 BI6 
6 8 I- 8 IT 
I1 0 1- 8 €1 
SI a I- a 21 
21 'I R 1 LI 
LI 8 I 1 El 
€18 I I I 



$PO NT=2,X0=5+0,Y0=7*0,R=1+0 ,THETA=0+0$ 
$PO X=6*0,Y=4+0$ 
$PO X=130+,Y=4+0$ 
$PO X=130'*+Y=21*Of 
$PO x=o  0, Y =21.+ 018 
$PO x = 0 * 0 j Y = 8 + 0 2  



SUPERFISH OUTPUT SUMMARY . lS:21:41 17-JRN-8 

PROBLEM NRME =RUG HIGH 20 

CRVITY LENGTH = 28.000 CM CRVITY DIRETER = 42.000 CM 

D.T. GAP = 20.0ao CM STEM RRDIUS = 1.008 CM 

FREQUENCY (STRRTING VRLUE = 50.057) = 513.057 MHZ 

BETR = 0.E008 ' PROTON ENERGY = 0.000 MEV 

PIORMFIL IZRTION FACTOR (Ea= 1 H'J/lll RSCRLE = 3815.6 

STORED ENERG -' (IIESH PROBLEM ONLY) = a. i x a  JOULES 

POLJER DISSIPRTION (MESH PROBLEM ONLY) = 3887.29 WRTTS 

T,TP,TPP,S,SP,SPP o.aaa 8.009 0.080 0.aaa 8.1308 a.ma 
Q = 11165 SilUI.IT IMPEDANCE = 25.72 MOHM/M 

PRODUCT Z*T**2 Z l - r  = 0.0E MOHMA'l 

MRGHETIC FiELD ON OUTER WRLL s 800 RMP/M 

MRXIMUM ELECTRIC FIELD ON BOUNDARY P 4.808 MV.4 

. 
ISEG ZBEG RBEG ZEND REND EMRX POWER D-FREQ D-FREQ 

(CM) (CM) ( C H I  (CMI (MV/Ml tWI (DEL21 (DELR) 

r 

3 lEt.BBE, 

4 10.EOB 

5 .6.600 

6 5.000 

7 4.068 

8 4.688 

9 6.008 

18 6.600 

0.800 18.pIElE 

3.088 6 . W E  

3 . 0 0 ~  s .ma 
3.006 4.080 

4.006 4 . ~ 0 ~  

7.a013 6.008 

7 .000  6.668 

4 .~10~1130 .~a8  

3.000 

3.000 

3.000 

4.000 

7.000 

7.000 

4.01313 

4.000 

0.0436 

0.2107 

0.7743 

3.2963 

3.8047 

4.8079 

2. 0499 

1.4356 

1.48E-06 WRLL 

1.25E-84 WALL 

5.74E-04 WRLL 

1.6 1E-82 WALL 

3.99E-01 WRLL 

2.84E+00 WRLL 

7.62~t-013 WALL 

3 . 0 2 ~ ~ 3  WRLL 

0.0000 

E. 0008 

0.  0000 

0.0151 

0.0888 

0.000E 

0 .  009s 

0.0000 

0.13000 

8.0001 

0.0006 

E. 00913 

E. EBEJQ 

E. 1387 

E. BE00 

-0.1434 

16 0.000 7.660 0.800 0.000 2.3523 3.54E-01 WfiLL 0.0633 0.0000 

DUMP NUMBER 1 HQS BEEN LJRITTEN. 
$5 
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..-- 

. RUG HIGH ZB 
. *2 2 *21 1 a I i w 1.80'68 

.k35 16 *37 1 SKIP 
I 1 1  a i 7  
17 1 I-- a 19 
19 1 19 1 19 
19 7 0 1 17 
17 8 -1 B 1 1  
I! 8 -1 0 9 

9 17 0 .  1 1 7  
17 17 0 -1 17 

. 17 14 1 0 139 
139 is a 1 139 
139 19 0 1 139 
139 34 -1 0 17 
17 34 -1 a 1 

9 1 0  a 1 9  

' 1 34 
1 19 

1 1  
1 1  
17 1 
19 1 
19 7 
19 9 
17' 9 
1 1  8 

. 10 8 
9 9  
9 10 
9 17 
9 18 
9 19 
10 19 
1 1  20 
12 20 
13 20 
14 20 
15 20 
16 20 
16 19 
17 18 
17 17 
17 14 
139 14 
139 15 
139 19 
139 34 
17 34 
I 34 
1 19 

a -1 1 

0.0008 

10.aa013 

a. 0000 

B -1 1 

0.0000 
8.0000 

10.0090 
9.3333 

5.0600 
4.5000 
4.1340 
4.0a00 
4.0000 
4.068 1 
4.2679 
4.5858 

5.4924 
6.0090 
6.5176 
7.0060 
7.4142 
7.7321 
7.9319 
8.0000 

5 .  0000 

a 000a 
129, aa90 

138. 000a 
8.8008 
a. aa00. . 8.0000 

130.0000 
130.000B 

1 1  0.0880 

1 
1 
7 
8 
8 

17 
17 
14 
15 
19 
34 
34 
34 
19 
1 

ia 

8.0800 a 1 REGION 
0.0008 
0.00~0 
0.0000 
3.00B0 
3.0E00 
3.0000 
3.0800 
3.1340 
3.5000 
4.013aa 
7.0000 
7.5176 
8.0000 
8.4142 
8.7321 
8.9319 

8.9319 
8.7321 
8.4142 

7.5176 
7.0000 
6.0000 

9. ma0 

8. 000a 

6 .  BBBB 
6 .  am30 
8.000~ 
21.00aa 
21.8008 
21.a000 
8. 0000 
8.0Fj80 COUN 

2 1 1.00 6.00 0 -1 REGION 
139 34 i30.oaa0 21.0800 COUN 
s .  
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SQ.IT/SOS RUG,; 1 
I n p u t t  assumed unse uenced 
Edit. ;  . . I ?R+l  :CUfXUUM8JRUG; 1 
XI? 
0@i& XRUG HIGH 20 
002@S 6REG NREG=l,DX=8*5jXMAX=140*,YN~X=22*, 
0Q3QO XREGI=8*0jYREG1=8~0,NPOINT=l2~ 
00400 $PO X=0*0,Y=0+0$ 
00500 EPO X=I0*0,Y=0*0$ 
00600 %=I0  + 0, Y=3+ 08 
00700 $PO X=S.,Y=3*0$ 
00800 SPO NT=2,X0=5.jY0=4*0jR=l+0,THETA=-188*88 
00900 $PO %=4+,Y=7*0L 
01000 $PO N T = 2 , X 0 = 6 , , Y 0 = 7 * t R = 2 + 0 , T ~ E T ~ = 0 ~ ~ ~  
01100 $PO X=8+0,Y=6+0B 
01200 $PO X=130+,Y=6+0$ 
01300 $PO X=130+,Y=21+09 

% 

f = 50.457 H U E  

$PO 

01400 $PO %=0+0,Y=21.09 
01500 $PO X=0+0,Y=0+09 



ELECTXIC FIELD RLONG THE L = 1 R = 8.888 

K ZCCM) EZ (V/M) 

1 8.8808 

2 a s m a  

3 1.0808 

' 4 I.SB88 

5 &gas8 

6 2.5888 

15 7.8688 

16 7.5680 

17 8.BQ88 

2.1864Ei86 

2.1672~+86 

2.1264E+86 

2.868QEiaS 

1.9624E-I-86 

1.8281Ei86 

I . G S ~ ~ E + B ~  

1.4425E+86 

1.2951EiB6 

9.6 18 1E+05 

7.3207Ei85 

5.3509E+85 

3.7762Ei-El5 

2.5959Ei05 

i . 7 1 8 3 ~ + ~ ~  

1.8926Ei85 

6.6354Ei84 

4.3998Ei-84 

IHTEGRRL RLONG THE L - 1 R ,, 8.888 

INTEGRAL E tZ)-*DZ a 1. 8QEEE+85 (VOLTS) 

STORED ENERGY 1.732E-81 (JOULES) 

-TG HIGH za 
: :i F=G NREG- 1. DX4.5 ,  XWt X- l a . ,  
XREG 1 4 .  B,YREG1=8.8,NPO INT-1; 
SPO x-a . 8, Y-El .os 

S O  X= 18.8,Y-3.  El3 
5PO X=S., Y=3. El$ 
SF0 NT-2,%+5. .YB=4.8,R=l .B,T 

EPO NT-2, X8=6., YE=7., R-2. B, TH 
SPO X=8.B,Y=6.89 
EPO X=13B. ,Y=6 .08  

EPO X=B. 8, Y=2 1. El3 
EPO X = Q . ~ , ' / = O . 8 3  

SPO x= 18. a,y=e.as 

spa x=4., Y-7. a$ 

SPO x= 138.. y=z 1. as 

5 



SUPERFISH OUTPUT SUMMRRY t.i : I 8 : 28 I ~ - J R N - ~  

. 

X ~ O B L E M  NFIME =RUG HIGH 28 

CRVITY LENGTH - 20.686 CM CFIVITY DIFIIPER = 42.808 C f l  

- 
I 

D.T. GAP - 20.aoo CM STEM RRDIUS = 1 . m  CM 

FREQUENCY (STFIRTING VALUE = 48.6681 - 50.957 MI2 

BETR - 8 . m m  PROTON ENEZGY = a .ma  MEV 

NORMRLIZRTION FFICTOR (EEl=l MV/MS R S C R L E  - 3921, l  

STORED ENERGY (MESH PROBLEM ONLY1 = a. 1732 JOULES 

T,TP,TPP,S,SP,SPP = o . m  8 . 0 ~ 0  a . a m  ELBOB 0.030 a . o m  
?OER DISS IPRTIObI (MESH PROBLEM ONLY) = 4715.81 WATTS 

0 - 11762 SHUNT IMPEDANCE = ~ 2 1 . 2 1  IIOHM/M 

' PRODUCT Z*T**2 Z T T  5 6 - 0 0  .MOHM/M I 

1648 AW/M MAGNETIC FIELD ON OUTER WRLL s 

I"iR%IM3M ELECTRIC FIELD O N  UOUNDFIRY I 4.165 Mv/M 

ISEG Z5EG 
(CM) 

3 ia.om 
4 1 a . m  

5 9.@EB 

6 5.ma 
7 3.066 

a 4.o~10 

9 8.088 

REND 
(Cl11 

3.000 

3.0Q0 

3.086 

4. 800 

7.000 

7.000 

6 . ~ ~ 0  

EPWX 
(MCI4-l) 

a.  0458 

8.6412 

0.7597 

3.2160 

3.2477 

4.1554 

0.7625 

P E E R  
(Wl 

I = 6SE-E6 WRLL 

5 .  S2E-B6 WRLL 

6 .  S7E-64 WRLL 

t.62E-82 WRLL 

3.7ZE-8 1 WRLL 

9.2iEi-m WRLL 

3 . 4 4 ~ ~ 1  WRLL 

D-f REP 
CDELZI 

e .  0090 

0 00013 

0. moa 
8.8117 

0. I3587 

0.0006 

a .  am33 

D-FREQ 
ZDELR) 

0'. 13000 

E. a000 

0. 13005 

0 .  o w 0  

0.130aa 

0.1412 

0. 6000 

8.OBQ13 -a. 1234 

-0.0074 a.ama 
-0.8266 6.0888 

0.0000 -0.6320 

a .  0000 a. a024 

0. 8422 0. 6608 



\ -4  = L 5 0  GRP = 0.04 T k =  0 . 0 4  



'.. 

XRUG H I G H  ZE 
3 2 E G  NREG-l ,DX=8.5 ,~X~258. ,mf lX=22. .  
XREGl~9.8,~EGl~~.8,NPOINT=lZ~ 
P O  x-El . El, Y=B. 0s 
BPO x- 18. a, Y-8.  89 
s o  x=ia.~t,y=3.a~ 

BPO x=4., ~ = 7 .  as 
s o  x=5., Y-3. 
SPO NT-2, xB=5., YB-4.8, R-1. B,THETR=-188 .a$ 
WO NT-2, XB=6., YB-7 , R12.8, THETR=B. 8s 
P O  X=8.8, Y-6.08 
$PO X=256.0, Y=6.0$ 
5?0 X=258.0,  Y -2  1. OS 
$PO X=O.O, Y=2t .El8 
$PO x=0 .a, Y = O . O $  

B 



RUG HIGH za 
*2 2 u21 1 0 1' 1 a9 1.0800 

1 1  
17 1 
19 1 
19 7 
17 9 
1 1  5 
9 10 
9 17 
17 17 
17 14 

259 15 
259 19 
259 34 
17 34 
1 34 
1 19 

. 1  1 
17 1 
19 1 
19 7 
19 8 

1 .1 

17 a 
1 1  a 
ia 9 

9 16 
9 9  

9 17 
9 19 
9 19 

1 1  20 
ia 19 

12 26 
13 :a 
14 20 
1s 20 
16 28 
16 19 
17 18 
17 17 
17 14 

259 14 
259 15 
259 19 
259 34 
17 34 
1 34 
1 19 
1 1  

*56 16 *37 1 SKIP 

0. a000 

1 0 17 
1 0 19 
El 1 19 
a I 17 

-1 a 1 1  
-1 a 9 
6 1 9  
0 1 17 
0 -1 17 
1 a 259 
0 1 259 
0 1 259 

-1 13 1 
0 -1 1 
0 -1 1 

- 1  a 17 

a. a m i  
a. 0008 
8.0~0~3 
10. a00a 
la. 000a 
9.3333 
8.0000 
5.0080 
4.5600 
4.13453 
4.0900 
4. 0aa0 

4.5958 
s. e00a 
5.4924 

7. aaa0 

4. %E! 1 
4.2679 

6. a000 
6.5176 

7.4142 
7.7321 
7.9319 
a. 0080 
e. 00136 

249.0637 
258. E086 
258. EBB0 
256. a088 
8.~1006 
0. aa00 
0.0000 

1 
1 
7 
8 
8 
10 
17 
17 
14 
15 
19 
34 
34 
34 
19 
1 
a. 000E 

a. oaaa 
a. a m  
0.  am20 

3.000a 
3.0~1013 

3.0880 

3.0000 
3.1340 
3,5800 
4.00aa 
7.000a 

a. 4142 

9.000a 

~1.7321 

7.5176 
8 6800 

8.7321 
8.9319 

8.9319 

8.4142 
8.0000 
7.5176 
7.0W00 
6 .  EBBB 
6 .  BBEB 
6 .  BEBB 

21.~0~10 
8 0886 

21. 8000 
21,8880 
8. E088 
0 0008 COUN .- 

z i 1.8 8.0 0 - I  REG ION 
259. 15 250.8 6.0 COUN 

B 

REG I O N  



. .  

SUPERFISH OUTPUT SUMMRRY 15:37:38 24-JRN-B 

PROBLEM NRME =RUG HIGH 28 

C R V I N  LENGTH a 20.006 CM- CRVITY DIAMETER = 42.000 CM 

D.T. GRP a 20.006 CM STEM R R D ~ U S  = 1.006 CM 

FREQUENCY (STARTING VRLUE = 27.0001 = 28.633 MHZ 

BETA = 0.8000 PROTON ENERGY = 0.000 MEV 

STORED ENERGY (MESH PROBLEM ONLY; = 8.3069 JDULES 

POWER DISSIPRTION (MESH PROBLEM ONLY1 = 5974.29 WRTTS 

T, TP, TPP, S, SP, SPP = 8.800 0.  a m  0 000 0.000 8. 000 0. 000 

MORMRLIZRTION FACTOR iE0= I MV/MI RSCRLE = 13519.4 . 

Q = 9048 SHUNT Il'?EDRNCE = 16.74 MOHM/M 

PRODUCT Z*T**2 Z T T  * 0.00 MOHM/M 

MQGI.!ETIC FIELD ON OUTER WRLL s 1025 RW/M 

MQXIMUM ELECTRIC FIELD ON BOUNDRRY P 4.179 MV/M 

ISEG ZBEG 
(CMI 

3 ia .ma 
4 18.008 

5 8.000 

6 5.000 

7 4.000 

8 4.808 

9 8.008 

10 8.ma 

RBEG ZEND 
(CHI (CM) 

0 .00~1  10.000 

3.008 8.808 

3.000 5 .000  

3 . 0 m  4 . 0 0 ~  

4.088 4.008 

7.8E)8 8.868 

7.000 8 . 0 m  

6.008250.00a 

REND 
(CHI 

3.000 

3.000 

3. m a  
4.000 

7.000 

7.000 

6.000 

6.000 

EMRX 
(MV/M) 

0.0450 

0.0412 

0.7598 

3.2!69 

3.2517 

4.1790 

0,7685 

I .  3087 

POWER 
(W1 

3.69E-07 WRLL 

1.3 IE-06 WRLL 

I .  56E-04 WRLL 

3.63E-63 WRLL 

8 49E-62 WRLL 

2.09E+B0 WRLL 

7.7iE-61 WRLL 

4.45E-I-03 WRLL 

D-FREQ 
(DEL21 

0.0000 

Q. 0000 

0.0000 

0.0036 

0.0183 

0.0000 

a. 0002 

0.0000 

D-FREQ 
(DELKI 

0.0000 

0. uOOO 

0.0002 

0.  0022 

0,0000 

0.0444 

0.13000 

-0.0387 

13258.000 21.084 8.080 21.000 8.3823 1.27E+03 WRLL 8.0008 -0.010@ 

14 8 . 0 ~ 8  2 1 . ~ i a ~ 1  a.am 21.800 a.3225 ~ . ~ E ~ E + B E I  WALL a.aam a.aa89 

15 a.am 21.00~1 e . O O O  B.aw 1 . a ~  I . ~ ~ E + B E I  WLL 0.0133 0.6008 

16 o.oa8 8 .00~1  E I . ~ O ~  0 . 0 ~ 0  2.3637 i . 4 1 ~ - 0 1  w a L t  0.0206 m o m  
DUMP NUMBER 1 HAS BEEN WRITTEN. , 
3 
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